ABSTRACT
Introduction
It is well known that extensive pulmonary resections are related to a number of postoperative alterations in right ventricular function. Decrease of the pulmonary vascular bed area after such surgery implies an increase in pulmonary artery pressure (PAP), which can lead to an increase in right ventricular (RV) afterload. As result, a series of hemodynamic changes and readjustments take place [1, 2] , though their time course during postoperative period and its possible usefulness in clinical practice have not been studied to date.
The recent introduction of new biological markers implicated in cardiorespiratory homeostasis, particularly atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP) and BNP prohormone (proBNP), and their increasingly widespread use in routine clinical practice, have served to establish their diagnostic, prognostic and monitoring usefulness in patients with heart failure [3] . These peptides are synthesized by the myocardiocytes, and their production increases significantly in response to all factors that subject heart muscle to pressure and/or volume overload with subsequently increased ventricular wall stress [4] .
The diagnostic and therapeutic potential of these natriuretic peptides in the context of left ventricular dysfunction (congestive heart failure or ischemia) has been extensively documented [5, 6] . However, and in contrast to the extensive literature on natriuretic peptide and left ventricular dysfunction, fewer studies have analyzed right ventricular function. In this context, a number of recent studies have reported a significant increase in BNP or proBNP levels in disorders that imply RV overload, such as pulmonary thromboembolism [7, 8] , chronic obstructive pulmonary disease (COPD) and cor pulmonale [9] , or in pulmonary hypertension [10] . Little is known about the behavior of these molecules in the postoperative period of major pulmonary resection surgery.
The aim of this study was to determine the kinetic of certain biological markers in patients requiring thoracotomy and pulmonary resection, examining the perioperative time course of the serum levels of three biomarkers: proBNP, troponin T (TnT) and C-reactive protein (CRP). With the purpose of establishing the behavior of proBNP as a marker of right-side cardiac function, comparisons have been made of serum proBNP and the echocardiographic changes in right ventricular dynamics induced by surgical procedures. In addition, comparisons have been made of the possible differential characteristics between lobectomy and pneumonectomy patients.
Material and Methods

Patients
After obtaining institutional approval and the patients' consent, between October 2009 and May 2010, data on all consecutive patients who underwent major pulmonary resection surgery were collected. Video-assisted thoracic surgery were no considered. All patients with a history of ischemic heart disease, severe renal failure, cardiac arrhythmias, heart failure or decompensated arterial hypertension were excluded from the study. We also excluded those subjects who developed cardiological complications-fundamentally arrhythmias or ischemic events-in the course of the study, since these problems intrinsically imply proBNP elevation and echocardiographic alterations. A total of 38 patients scheduled for pulmonary resection surgery were finally included in the study. In all cases the preoperative workup comprised a physical examination, general laboratory tests, chest X-rays, 12-lead electrocardiography, spirometry and arterial blood gas determinations.
The following variables were recorded: a) demographic data and antecedents: sex, age, comorbidities and respiratory function tests; b) perioperative data: type of surgery, type of anesthesia, hemodynamic parameters, surgery and anesthesia times, blood losses, transfusion of blood products, and intraoperative complications; and c) complications during the immediate postoperative period, classified into three main groups: cardiological, infectious and surgical. Acute complications were taken to be those problems manifesting in the first 72 hours after surgery, during the period established for determination of the biological markers. During surgery, the patients were monitored through radial artery catheterization, and mechanical ventilation was carried out using a doublelumen orotracheal tube.
Determinations
Peripheral blood samples were collected from all patients at the following timepoints: preoperative control, in the Intensive Care Unit immediately after surgery, and again after 24, 48 and 72 hours. The samples were collected in pararalel by using tubes containing ethylenediaminetetraacetic acid (EDTA), immediataly cooled to 4˚C and centrifuged. Determinations were made of plasma proBNP, CRP and TnT. Chemiluminescence techniques were used for the determination of proBNP and TnT (HELECSYS 2010 and Cobas e601; Hitachi, Japan, distributed by Roche), respectively, while turbidimetric latex immunoagglutination techniques were used to determine CRP (Cobas c311, Roche Diagnostics GmbH).
Echocardiogram
Echocardiography in all cases was carried out with two echocardiographic systems equipped with a 1.5 to 3 MHz transducer (Vivid 3; General Electric; HDI 5000; ATL). Transthoracic echocardiography was performed preoperatively and again 72 hours after surgery. The explorations were made by an investigator blinded to the type of surgery involved, and to the patient biomarker levels. Those patients in which transthoracic echocardiographic images of sufficient quality could not be obtained were excluded from the study.
Left ventricular function was calculated using the Teichholz method in M-mode, or the Simpson method. Altered left ventricular function was defined by an ejection fraction (EF) of under 55% [11] .
Right ventricular function was evaluated by measuring tricuspid annular plane systolic excursion (TAPSE). The latter was defined as the difference in right ventricle base displacement or excursion during systole and diastole. Normal RV function was defined by TAPSE > 19 mm [12] [13] [14] [15] .
interquartile range. The Shapiro-Wilk test was used to check the normal distribution of the quantitative variables. Naperian logarithmic transformation of the variables CRP and proBNP was used to secure normality.
The presence or absence of pneumonectomy was used to divide the patients into two groups, which were compared using the chi-squared test, with application of the Fisher exact test where necessary in the case of qualitative variables. Continuous variables were compared using the Student t-test.
The time course of proBNP and CRP was analyzed by repeated measures analysis of variance (ANOVA), using simple contrasting and the preoperative value of each variable as reference category.
The pre/postoperative course of the echocardiographic parameters was analyzed using the Student t-test for paired samples.
All data were included in an SPSS Inc database (Version 15.0, Chicago, Illinois). Statistical significance was accepted for p < 0.05.
Results
Patients
The mean age was 65.4 years, and 92.1% were males. Mean preoperative vital capacity (VC) was 3356.5 ml, with a forced expiratory volume in one second (FEV 1 ) of 2277.13 ml. A prior diagnosis of COPD had been established in 18.4% of the subjects, and 84.2% of them were smokers. In most cases (72.4%) lung cancer was the indication for surgery.
Initially 28 lobectomies (including 4 bilobectomies) and 15 pneumonectomies were performed. Five patients (11.6%) developed arrhythmias during the study period (atrial fibrillation in all cases), and were therefore excluded (3 lobectomies and 2 pneumonectomies)-the final series thus comprising 25 lobectomies and 13 pneumonectomies. Table 1 separately compares the baseline clinical characteristics of the pneumonectomy versus the lobectomy patients. No significant differences were observed in any of the study parameters. Likewise, no statistically significant differences were observed between the two subgroups in terms of surgery time, anesthesia time or hemodynamic parameters (mean arterial pressure and central venous pressure) during surgery. Only one patient required blood product transfusions during study period. There were no intraoperative deaths ( Table 2) .
Regarding late complications, two cases of infection were documented (4.6%), one of the upper airway and another corresponding to severe pneumonia and late sepsis leading to the death of the patient 21 days after surgery. Four episodes of bronchopleural fistula were recorded 12, 17, 35 and 150 days after surgery (9.3% of all patients).
The severity prognostic scores obtained with the APACHE II 24 hours after surgery showed no differences between the both subgroups (6.9 ± 3.4 versus 7.4 ± 2.2; p = 0.601).
Biological Markers
ProBNP:
Statistically significant increase in plasma proBNP levels was recorded in all patients 24 hours after surgery, with a maximum elevation after 72 hours. This same behavior was observed on considering proBNP levels separately in each subgroup. However, there were no statistically significant differences on comparing serum proBNP in the pneumonectomy patients with those in the lobectomy group (Figure 1, Table 3 ).
Troponin T: No TnT elevations were observed, except in two patients, and in both such increases did not reach clinical significance. None of the study subjects experienced cardiological or ischemic complications during the study period.
CRP: A statistically significant increase in CRP was recorded starting from 24 hours after surgery, with a maximum elevation after 48 hours. There were no differences on comparing CRP levels in both subgroups of patients (Figure 1, Table 3 ).
Echocardiography
Transthoracic echocardiography was performed preoperatively in 28 patients (74%) and again 72 hours after surgery in 27 subjects (71%).
The echocardiographic findings are commented in Table 4 . Preoperative values corresponding to biventricular function were within normal limits both, globally and in the two patient subgroups. However, in the postoperative period, a decrease was noted in right ventricular function (quantified by TAPSE) compared with preoperative function (22.98 ± 3.71 versus 21.18 ± 3.27; p = 0.005), in pneumonectomized patients (23.7 ± 2.8 versus 20.9 ± 0.2.83; p = 0.011). There were no such differences in right ventricular function in the lobectomy subgroup (22.5 ± 4.1 versus 21.3 ± 3.6; p = 0.131). Left ventricle ejection fraction was not affected by surgery in either the global patient series (70.9 ± 5.83 versus 68.35 ± 5.93; p = 0.208) or in the two subgroups. Quantitative variables are given as the mean ± standard deviation. LVF = left ventricular function; TAPSE = tricuspid annular plane systolic excursion; LVEDV = left ventricle end-diastolic volume.
Comment
The present study describes the kinetics of proBNP release during the immediate postoperative period of major pulmonary resection surgery, showing an increase in the serum concentration of the molecule noted from 24 hours after surgery, with a maximum increase after 72 hours. This coincides with the observations of one of two published studies on this subject, in which Hoksch et al. [16] likewise observed an increase (in this case of BNP) from 24 hours after surgery. However, the other study, published by Tayama et al. [17] , found only the pneumonectomized patients to present a significant increase in BNP 72 hours after surgery. The physiological action of proBNP results in an adaptive response to cardiovascular stress. This limits myocardial hypertrophy causing peripheral vasodilatation, with a modest negative inotropic effect and inhibition of renal renin and angiotensin production. The main clinical benefit is fundamentally the lowered preload secondary to increased sodium urine excretion and diuresis [18] . The molecule is a potent predictor of ventricular dysfunction that even contributes prognostic significance [19] .
Our results showed a very significant increase in pro-BNP 24 hours after surgery, with a maximum elevation after 48 -72 hours. The release of the molecule would be a consequence of the adaptive response of the right ventricle to the reduction in pulmonary capillary bed after surgery, and the subsequent increase in end-diastolic pressure in the right cavities of the heart.
In contrast to other authors, we observed no significant differences in proBNP levels comparing pneumonectomy with lobectomy group. However, Tayama et al. [16] did report differences between both groups, with higher BNP and ANP levels and an increase in PVR and PAP in the pneumonectomized patients. This is to be expected, since the lesser capillary cross-sectional area in pneumonectomized subjects. However, the fact that we excluded patients with previous heart disease or those who developed acute cardiological complications in the postoperative period (fundamentally arrhythmias) can explain the absence of differences in the values of the mentioned molecule. Since the included patients had a healthy ventricle, the differences in PVR between the lobectomy group and the pneumonectomy series might be not large enough to yield a significant difference in proBNP values between both groups.
The effect of pulmonary resection upon the functional dynamics of the right ventricle remains no clear. Some authors have reported a slight postoperative decrease in RV function [20] [21] [22] , while others have observed no changes [23] . In our patients the postoperative variations in TAPSE indicated a thin decrease in RV function during the immediate postoperative period, but only in the pneumonectomy subgroup. Nevertheless, despite the observation of diminished RV function, the reduction is minimal and of scant clinical relevance. In fact, values recorded during the postoperative interval were within normal limits, and no hemodynamic repercussions were observed.
As regards troponin T, literature makes no mention of the usefulness of this molecule in the postoperative period of major pulmonary resection surgery, and no descriptions can be found of TnT release kinetics in such situations. In our study we recorded no increase in TnT levels. It therefore can be concluded that rutinary TnT monitorization offers no useful information, and only seems to be indicated in those cases where ischemic heart disease is suspected.
There are not many references to CRP in relation to major pulmonary resection surgery. Franke et al. [24] reported a greater increase in CRP and other inflammatory markers (procalcitonin, IL-6 and lipoprotein-binding protein (LBP)) in partial resections versus pneumonectomy, observing an inflammatory peak 24 hours after the operation. The authors attributed these findings to ischemia-reperfusion phenomena and reventilation occurring during partial resection in the operated lung. Of note, however, is the fact that Franke et al. did not differentiate those patients who may have suffered complications of any kind (including infections)-this being a clear potential source of bias. We observed no such differences and CRP levels were seen to be similar in both patient groups, with significant elevation 24 hours after surgery and a significant maximum elevation after 48 hours.
The immune response to surgical trauma is complex. Surgery stimulates activation of the Mononclear-phagocyte cell system. These cells transform the initially local inflammatory phenomenon into a systemic inflammatory response through the release of inflammatory cytokines such as Il-6 or IL-8, which in turn increase the genetic expression of acute-phase reactants such as LBP or CRP at hepatocyte level [25, 26] .
Although the reperfusion of lung tissue traumatized by ischemia and by the surgical operation itself, together with reventilation following selective single-lung ventilation during partial resection surgery, could induce more-or-less intense inflammation, we consider that the enhanced flow received by the healthy lung after pneumonectomy, and which results in increased PVR and PAP values, could also cause damage and inflammation at pulmonary capillary endothelial level. Thus, both types of surgery would induce inflammatory phenomena through different mechanisms.
Our study has some limitations. Probably the most important is the small sample size. Another limitation is represented by the fact that maximum proBNP values were recorded on the last day of sample collection (72 hours after surgery)-thus raising the question of Whethe proBNP levels could have increased beyond this timepoint. Moreover, an unique echocardiogram was performed during the postoperative period, making it difficult to correlate it with successive changes in biological marker levels. Additional studies probably would be needed, involving a larger number of patients, and extending both, the hormone measurement period and the number of echocardiograms performed during the postoperative period.
In conclusion, we consider that the present study contributes to the understanding of the postoperative period of uncomplicated pulmonary resection surgery, analyzing the use of imaging techniques in cardiopulmonary hemodynamic physiopathology and the release of certain selected biological markers. Troponin T levels are not modified in uncomplicated chest surgery. As regards C-reactive protein, showed an increase 24 hours after surgery, with a maximum elevation after 48 hours regardless the type of surgery involved.
The proBNP release kinetics showed a significant increase 24 hours after surgery with a maximum elevation after 72 hours. No differences were recorded in terms of the extent of pulmonary resection. Likewise, echocardiography revealed a slight decrease in right ventricular function in the pneumonectomy subgroup, though the values of RV function remained within normal limits. Finally, it could be concluded that in absence of cardiological complications, proBNP levels above the mean reported values, or with elevation kinetics different from those described, could indicate the presence of RV dysfunction in the postoperative period of major pulmonary resections. To prove this assertion new studies should be designed to establish the clinical usefulness and correlation of natriuretic peptides as a simple marker of the severity of different postoperative cardiorespiratory complications.
